Introduction
Since the 1980s, computer-aided designing/computer-aided manufacturing (CAD/CAM) technology has been employed to lower production costs, ensure uniform quality of materials, and develop standardized manufacturing processes via the implementation of automation. In recent years, CAD/CAM processes have also been applied to restorative dentistry, resulting in significant advances [1] . These improvements have allowed CAD/CAM technology to be applied to various manufacturing requirements in dentistry, including the fabrication of indirect dental restorations. For this reason, there is presently much interest in the research and development of substances that can be employed in conjunction with the application of CAD/CAM to dentistry. Table 2 Evaluate blocks repaired with composite resin using three surface treatment techniques Table 2 Repair potential of CAD/CAM composite blocks using a silane-containing bonding agent with different repair protocols Table 2 The effect of silane coupling agent TBS: tensile bond strength, SBS: shear bond strength, PMMA: poly(methyl methacrylate) block, Compo: resin composite block, Hybrid: Hybrid ceramic. *1: IDS improves not only the internal bond strength, but also the bond reliability of metal-free CAD/CAM onlay restorations. The resin composite block seems to be more effective than a typical glass-ceramic block for achieving both high bond strength and excellent bond reliability. *2: After six months, SBS was highest when Lava Ultimate was cemented with RelyX Ultimate and when VITA ENAMIC was cemented with RelyX Ultimate or with Variolink II. Lava Ultimate was somewhat more sensitive to storage than was VITA ENAMIC. *3: Cementation of CAD/CAM restorations, either composite or ceramic, can be significantly affected by using different adhesive strategies. *4:
The sole determination of WA is insufficient to draw conclusions regarding the bond between different materials. Additional pretreatment of the dental CAD/CAM resin restoration by bonding systems can be recommended for clinical use. The application of a silane coupling agent to the CAD/CAM composite surface provided the highest bond strength. After 50,000 thermocycles, all specimens treated with silane cupling agent showed cohesive failures within the composite material.
RC: resin composite, SA: self-adhesive resin cement, CC: conventional resin cement, Al2O3: Alumina, CoJet: 3 M, Silicatized sand, Corundum (aluminum trioxide) particles, modified by silica, with a mean particle size of 30 m, SilJet: Danville Materials, 30 m silica nano-coated alumina 85-95%, SiO2 5-15%. ↑: significantly improves the bond strength, ↑↑: much improves the bond strength, →: no significant difference in the bond strength, ↓: significantly reduces the bond strength.
after which a layered veneer is bonded to the frame. The importance of bonding between the crown/inlay/onlay and the resin cement is well known. However, the procedures used to bond these new materials have not yet been clearly elucidated. The purpose of the present review is therefore to survey the available literature regarding bonding between current adhesive systems and CAD/CAM indirect resin materials to provide clinicians with a comparative overview of the techniques available to bond.
Subjects and methods
An electronic search of the literature was performed via the PubMed database, using the keywords CAD/CAM and dental bonding as MeSH terms. Articles eligible for inclusion in the present review were published in English, peer-reviewed, and dated from January 1947 to March 2, 2018. Additional relevant literature was obtained by following the reference citations in the papers retrieved from the initial literature search to provide more supporting information (Fig. 1) . The titles and abstracts of all papers were carefully appraised to remove articles that were outside the scope of this review. Papers were excluded if their main focus was ceramics (such as glass-matrix and polycrystalline ceramics, e.g., zirconia), implants, or digital impressions, or if they did not include bonding tests. In the event that the focus of the paper could not be determined accurately from the title or abstract, the full-text article was examined.
Additionally, a search was performed using the Institute for Scientific Information (ISI) Web of Science, examining the number of citations of all articles from 1945 through March 20, 2018. 
Results and discussion

Overview
A total of 313 titles were identified, with 281 excluded during the initial review. Three papers were also included based on a nonelectronic search, to give a total of 32 articles included in the present review (Fig. 1, Table 1 ). An analysis of these papers demonstrates that the field of study targeted in this review has clearly increased in importance over the last five years. It was also apparent that Vita ENAMIC (a polymer-infiltrated ceramic), Lava Ultimate (an indirect resin composite), and artBloc-Temp [a poly(methyl methacrylate) (PMMA) resin] were often used as CAD/CAM blocks during research trials. The majority of studies incorporated aging procedures (such as water storage and/or thermal cycling) and its importance was confirmed. A total of 17 studies used micro tensile bond strength tests and tensile bond strength tests of crowns were also reported in four papers. It has been claimed that the micro tensile test is superior to the traditional macro shear test [37] .
Surface treatments (including blasting, acid treatment, and silanization) of CAD/CAM indirect resin materials (including indirect resin composites, polymer-infiltrated ceramics, and PMMA resins) are discussed in the following sections. The specific types of cement/resin composites and adhesives are not included for two reasons. Firstly, there is an insufficient body of data to allow an indepth discussion, and secondly, the type of cement has been shown not to determine the effectiveness of bonding [38] .
Bonding to CAD/CAM indirect resin composite materials (Table 2)
Direct and indirect composite resins restorations do not have the same formulations, and CAD/CAM indirect composite resin blocks are associated with greater degrees of polymerization. As has been previously reported in the case of various indirect resin composite materials [4] , the majority of manufacturers recommend the blasting of composite CAD/CAM indirect resin composite materials before silanization. The most highly cited article in the present review makes this same recommendation [35] .
The majority of studies confirmed the effects of blasting, such as with Al 2 O 3 and CoJet/SilJet (silica-coated Al 2 O 3 ), based on comparisons with untreated resin composites [9, 11, 14, 20, 22, 24, 28] , with only one paper offering a contrary opinion [15] . Duzyol et al. claimed that all surface treatments [including blasting with CoJet or etching with hydrofluoric acid (HF)] should be avoided, while Yoshihara et al. reported that low-pressure blasting was desirable, as this reduces the formation of subsurface cracks [39] . Along the same lines, the use of glass beads for blasting resin composites has been recommended, because glass beads are softer than alumina [19] .
Other studies showed that composite blocks can be bonded more effectively as a result of HF etching [9, 11, 22, 28, 35] . Frankenberger recommended blasting rather than HF etching for the surface treatment of Lava Ultimate [22] . Interestingly, the positive effects of treating uncontaminated specimens with phosphoric acid (H 3 PO 4 ) have not yet been explained [13, 24] . H 3 PO 4 is not reactive enough to induce visible surface roughening, but apparently has a cleaning effect [40] . Kawaguchi-Uemura et al. [5] determined that blasting or H 3 PO 4 cleaning can recover bonding effectiveness by 75-85%. In contrast, Kawaguchi et al. [13] found that, as long as restorations are sandblasted after the try-in procedure in the clinical setting, there is no need for ultrasonic and H 3 PO 4 cleaning after blasting to improve bond strength.
Silane coupling agents are commonly used to bond resin to porcelain and are also employed as filler particles in resin composites because they offer potential sites for silanization. It is widely believed that silanization is effective in promoting CAD/CAM indirect composite resin bonding, and ten of the papers reviewed demonstrated this effectiveness [7, 9, 11, 14, 19, 24, 26, 30, 35, 36] . However, some groups found no effect of silanization [19, 22, 28, 30] , and so the effectiveness of this process when applied to either bonding agents or blocks is evidently variable. With regard to chemical surface treatments, Shinohara et al. [7] examined the effects of an experimental adhesive agent [a methyl methacrylatetributylborane liquid (MT)] and two silane-based adhesive agents on the bonding between CAD/CAM indirect composite resin materials. They concluded that the use of MT in conjunction with a silane agent significantly improved the bond strength.
3.3. Bonding to CAD/CAM polymer-infiltrated ceramics (Table 3) The Academy for Adhesive Dentistry reported that HF etching in combination with silane is a superior pretreatment for CAD/CAM polymer-infiltrated ceramics [41] . This recommendation cites Elsaka [28] and Frankenberger et al. [22] , who found that HF processing followed by silanization is the best treatment for CAD/CAM polymer-infiltrated ceramics Lise et al. [9] demonstrated that the formation of a microretentive surface by either blasting or HF etching, followed by silanization to promote chemical adhesion, is required to obtain the same bond strength as that exhibited by CAD/CAM indirect resin composite materials. Elsaka [18] reported RC: resin composite, SA: self-adhesive resin cement, CC: conventional resin cement, Al2O3: Alumina, CoJet: 3 M, Silicatized sand, Corundum (aluminum trioxide) particles, modified by silica, with a mean particle size of 30 m. ↑: significantly improves the bond strength, ↓: significantly reduces the bond strength.
improvements in shear bond strength values in the following order: CoJet system > HF > control > H 3 PO 4 . Therefore, blasting is a reasonable option for mechanical surface treatment.
3.4. Bonding to CAD/CAM PMMA resin materials (Table 4) The Stawarczyk research group has studied several cement/resin composites, adhesives, and PMMA resin materials using a number of test methods, including shear bond strength, tensile bond strength, and tensile bond strength of crowns. Many papers from this group have a relatively high number of citations. The latest research from this group concludes that, when using an XHIPC-CAD/CAM resin in a clinical setting, the bonding surface should receive an additional pretreatment with Visio.link as the bonding agent. Other studies also support the use of this technique [25, 31, 32] . Visio.link is a proprietary product containing methyl methacrylate (MMA), dimethacrylate, pentaerythritol acrylate (PETIA), and a photoinitiator. Since both indirect resin composite materials and polymer-infiltrated ceramics also have matrix resins, MMA-containing materials could have applications to those resin materials, as reported by Shinohara et al. (see also Section 3.2).
Conclusion
Based on a comprehensive literature review, creating a microretentive surface by either blasting or HF etching followed by silanization to promote chemical adhesion should be recommended when bonding to CAD/CAM indirect resin composite materials (such as Lava Ultimet, KATANA AVENCIA block, Gradia Block, Cerasmart, Paradigm, and Block HC) and CAD/CAM polymerinfiltrated ceramics (such as Vita Enamic). In addition, the use of materials containing MMA is recommended as a means of improving bonding to CAD/CAM PMMA resin materials (such as XHIPC-CAD/CAM, artBloc Temp, and Telio).
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